Lyotropic Cubic Phases for Drug Delivery: Diffusion and Sustained Release from the Mesophase Evaluated by Electrochemical Methods.
Lyotropic liquid crystalline systems are excellent carriers for drugs due to their biocompatibility, stability in aqueous environment, and well-defined structure that allow them to host significantly larger amounts of drugs than carriers such as liposomes or gold nanoparticles. Incorporating the drug within the mesophase gel, or the cubosome/hexosome nanoparticles, decreased its toxic effects toward healthy cells, while appropriate mechanisms can stimulate the release of the drug from the carrier when it approaches the cancerous cell environment. Electrochemical methods-chronocoulometry and voltammetry at micro and normal size electrodes-are used for the first time to simultaneously determine the diffusion coefficients and effective concentrations of a toxic anticancer drug, doxorubicin, in the channels of three liquid-crystalline lipidic cubic phases. This approach was instrumental in demonstrating that the drug diffusion and kinetics of release from the mesophases depend on the aqueous channel size, which in turn is related to the identity and structure of the amphiphilic molecules used for the formation of the mesophase. Structural parameters of the cubic phases with the incorporated drug were characterized by small-angle X-ray scattering (SAXS), and molecular dynamics simulations were applied in order to describe the differences in the distribution of doxorubicin in the cubic phase matrix at acidic and neutral pH. The release of the drug from the phase was retarded at physiological pH, while at lower pH, corresponding to the cancer environment, it was accelerated, provided that suitable amphiphilic molecules were employed for the construction of the liquid crystal drug delivery system.